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SPECIFICATION 

Artificial bone-forming biomaterial and method of manufacturing the same 

5 1^^°*°" re,ates i° 8 biomaterial including a bone-forming factor used in a surgical field such as 
orthopedic surgery and oral surgery and to a method of manufacturing the biomaterial 

BtanSliT ^ eviden V h f there is a ,im,t 10 the amoont ^ bone which is available for autoplastic trans- 

? Jlf T°T> 0i sur S e 'Y i ; e£ > uired *> collect bone increases and the pain experienced by the 
patent is great For that reason, when a deficiency in the bone extends over a large area an artificial 

15 SXT 8 " 1 " h r f in V ffimty ^ the ' iving b0dY such 98 metal or cerami « ha. blZ used for iE?t he 
15 deficiency and for fixation of the artificial material to the bone 9 

h„n^n V *hl' ^ " S f ° f f Wh u°" y i rt - ifidal Diomateria ' "as the disadvantage that rapid adhesion of the 
bone to the b omatenal w.th sufficient strength is difficult. What is considered to be the main cause of 

2Shi ' S ,h . a L b T e . t,SSUe ' S " 0t f0rmed in sufficient 8 ™ unte - Accordingly, it is ■ difficult to obtain 

20 SSHSSS uTed t,SSUe ° f 3 " Vin9 b0dy bV ^i* 3 ' tr6atment ,n W " ch a con'Sona- Scia. 

l-2S^12^2^ b t0 ° bViate " mfti9ate thS draWbackS inherem the -"ventiona. artificial 
According to this invention there is provided an artificial bone-forming biomaterial comorislna- a mi* 

25 S SXZXSSSSS S£S SSSLT factor ' said carrfer beln9 se,ected K 

"l a " d de " a ! ured Substa . nces ' a " d a "«nd carrier for said mixture, saVd «rrter being a 

30 Z „ L meta i". ° f T tHetiC resin ° US material wherein said mixture ^ attached to or "mpreg- 
■»w nated into and carried by said second carrier. <mpreg 

m ^nlT b, f a ' S0 tN / bone - formin 3 factor is a bone-forming extracted from Dunn osteosarcoma or a hu- 
man bone-formmg factor extracted from a human osteosarcoma nU 

fa ^ l aC J°/ iS C V rie u StB u y by the r,rst carrier in the livin 9 bot, y t0 P e ™t ^e formation of bone bv the 
35 L , ^ t0 make the c °»agen-based first carrier itself eventually be absorbed into the body In a Znhlr 

rZt°^ a T^° f th . e in J enti ° n ' 8 SeC ° nd Can,er - in additi °" to th « first carried X used formechS 
S.^ ° « J^l" He b . ,omaterial of the inve "«°n ^ "«d for compensating for and fixing broken or 

breTsL^ThluSnVrngtr 8 *** ^ ^ °' ^ " "» bto "-""^ * • 

- rrxsis^ !^.% , Er n is a bone - formin9 factor ' and tws 

The function of the bone-forming factor is to act extracellularly on undifferentiated mesenchvmai ™n« 

polypeptide of about 20,000 by molecular weight. Further, the applicant has recently separated and re- 
™U as ^ ,,ar b,0act,va bone-forming factor also from a human osteosarcoma tranlplantedtn the ani- 
mals by way of generation-to-generation transplantation. P'anieo in ine ant 

BO * Th ? H, i man bo ™- iorm ' ,n 9 factor also has substantially the same biochemical properties as the bon* 
was used in the embodiments of the invention from the viewpoint of antigenicity 

a certain ZlT^n^rl b ™ e - formin S facto ' "developes a bone-forming action in the living body, but 
a certain type of carrier (or bed) is required in order for the factor to lead to bone formation in a sDecffled 

• 5S . reg J° n ° f , the 'r 09 body ' and tne amount of bone fo ^«d is regulated by the amwnTofZZ ineS™ 

bo2v a Z f 9 ,. 1 " 6 b ° n f e - f0rm i n 9 ,actor - Accordingly, in order to carry the bVne forming facto rn tne^ng 9 55 
body, the following first and second carriers are provided, respectively 9 

whJlf »h» If^H COn - a '"" S °« d Car 1 e u the bo ""-fe"nlng factor and makes it possible to form a bone 

«r! i an T l Carner J S ° f ° rmed b0dv retain,n 9 the first carrier maroon or therein, having a neces- 
sgry shape together with necessary strength. 9 a neces 

The first carrier Is required to have the properties 60 

l\ IhIIZ^ emb8dded '" t0 a "vine body, the carrier should not induce a foreign matter reaction- 
2) that the carrier should have affinity with bone; reacnon, 

a! 22 !h" ° ar " er T a .l, WayS Pr0CUre an industria "v constant, ready and low-price supply; 
^fo^a^Zt^ 65 
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5) that the carrier should be ultimately absorbable into the living body; and 

6) . tjiat the carrier should be readily attachable to the second carrier. 
The second carrier is required to have the properties 

1) that the carrier should have the properties of the first carrier specified by items 1 to 4; 
5 2) that the properties of the carrier should remain the same over a long period of time; 5 
3) that the carrier should be easy to make physical bond with the first carrier; and 
4} that the carrier should be high in mechanical strength. 
. Various researches rrirade on the material for obtaining the first carrier having such properties resulted 
in the finding, that collagen, its derivatives and denatured substances could meet the required properties. 
10 rncidentalJy, it is weH known that collagen (inclusive of its derivatives and denatured substances) based 10 
on the first carrier is protein generally low in antigenicity, and it is also known that the main part which 
constitutes the cause of antigenicity of collagen lies in the telopeptide part which forms a molecular dis- 
tal end part. Accordingly, for example, solubilized collagen containing substantially no telopeptide sofubi-. 
lized and refined by subjecting cowhide to well-known enzymatic treatment and alkaline treatment is 
15 preferred for the object of the invention, but the first carrier is not limited to solubilized collagen. It will 15 
readily be appreciated that geJatin (inclusive of decomposition products and derivatives) which is the 
denatured substance of collagen is also applicable to the construction of the invention. 

The requisites for the second carrier are such as described above, and out of the requisites, ceramic 
materials, special metals and synthetic resins are known to fre excellent as a material producing no for* 
-. 20 eign matter reaction with the living body and which has affinity with the living body and is high in me- 20 
Qhartical strength. Out of the materials mentioned above, ceramic materials excellent in affinity with the 
living body are listed in Table I. 

In the first manner of the invention (corresponding to embodiments 1 and 3 to be fater described), the 
example wherein the bone-forming, factor is mixed with the first carrier is shown, while in the second. 
2£ manner of the invention (corresponding to embodiments 2 and 4 to be later described), the example 25 
. wherein the second carrier Is impregnated with and carried by the above mixture is shown. 
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Type 
of 

ceramics 



Physical 
properties 



Alumina ceramic 
(A^O,) . 



Saphire 
(A^0 3 ) 



Zirconia 

{Zrcy 

Silicon carbide 
(SiC) 

Silicon nitride 
(Si,B 4 ) 



Bending 
strength 
(Kglcm*) 



3,200 

7,000 
10,000 
5,000 



TABLE I 

Buik 

Hardness specific 
gravity 



1,000 - 
2,300 
<H V) 



2,300 
(H V) 

1,250 
(H V) 

94 
(HRA) 



3.6 - - 
4.0* 



3.97 



5.9 

2.2- 
3.1 



Resistance to 
chemicals $5% H t SO A 
in boiling liquid 
mglcmVday 



0.1 



0.1 



0.8 



0.04 



5,000 87 - 91 2.9 - 

(HRA) 3.3 



0.42 
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40 



Calcium phosphate 
Ca 3 (PCg 



Hydroxy la patite 
Ca 10 (P0 4 ) a (OH) 2 



Glass ceramic 

(containing 

apatite) 



1,400 



600 - 
2,000 



1,500 • 
1,700 



400 
600 



600 
700 



3.0- 
3.05 



3.06- 
3.13 



About 
3.5 



Soluble in acid, 
hard to dissolve 
in base 



Same as above 



Same as above 



Of the ceramic materials shown in Table 1, alumina ceramics is the most general material and has no 

Srh eff6C | ° t n the i Vin9 b ° d uV 8nd 18 hi9h ln afffnl * therewith.The materials havinTaffin £ anS high 
m mechanical strength are saphire and zirconia ceramics. Other materials such as calcium pKSate and 
hydroxylapat.te which are substantially akin to living body bone are somewhat low m^aSl 
o " 9 ! ' bl, ^ th 7 char . acteri2ed b * their excellency in assimrlability and ^f^W^^S^i^ body 
u2 n ^ COrd i n9,V ' ***?™ m ones of the cer amic materials mentioned above are KJS. 
upon where they are used and upon the purposes they are used for. As for the properties ?ftT2Smlc 
materials, those .which are fit for their respective purposes are such as ones of d'ens 7ype or porou^Wpe 
50 rn^iLTn The H m,n,mum re ? uired a™""* of the bone-forming factor in the biomateVial of ZZen* 
50 tfon differs depending upon a degree of refinement of the bone-forming actor, and in the factors o£ 

tained by the method according to the literature described in the specification bone ^ formation ?s possible 
maSn 8 ^!^^ ?' 5 (rati ° by Wef9ht) ' bUt ln ° rdert ° fncrease and assurHh^ 
h^Sn£?£ e t T b 'V° ratl l ° f CO,, " en t0 bon ^orming factor in the range of 100:1 - 10 (ratfo 

by weight), but the ratio should not be specified in this range. 

55 A description will now be given of embodiments of the invention in the following. 
Example 1 

After the dermal layer of the hide of a young cow was cleaned and refined, it was cut to small pieces 
60 fild t^lTnM TVt T™\ laV8r < hUS minC6d W3S 3dded a hydrochloric acfd solutio so 

I? °, I 1 3 " T u tb8 S ? Utl0n thus modif,ed was added P e P sin amounting to 2% by dry weight and 

£ < !^ta * °F? am H d T- Ueated 8t 2 °° C f ° r 48 h ° UrS * ^ SO,Uti ° n Was fi,tered ™«* Ste ^2 
was added to the filtered solution to modify the solution to a pH of 10 to deactivate peosin Thereafter 

*e solution was modified to a P H of 7, and the settlings produced was collect 

65 * 7?' T 6 ' and a93in diSS0,Ved int ° 9 "y^^hloric acid solution having pH of 3 Se 

65 solution was filtered and caustic soda was again added to the solution and modified to a pH of 7 The 
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settlings formed was collected from the modified solution and was washed with water, and then dis- 
solved again in a hydrochloric acid solution having a pH of 3 to obtain a refined collagen of a concentra- 
tion of 3.0 mg/nrU*. . 

Then, a refined human bone-forming factor obtained by the method described in the aforementioned 
5 literature was dissolved in normal hydrochloric acid of 0.01 to prepare a solution of a concentration of 5 
1.0 mg/m*. Of the solution;, 0.2 mt was poured into a test tube with 1.0 of the collagen sofution 
added thereto and was well mixed. The mixture was freeze-dried, and then was sterilized with ethylene 
oxide gas to obtain a biomaterial. 
The biomaterial was transplanted into the back muscle of a mouse and after three weeks the trans- 
10 planted biomaterial was taken out to find that the material was replaced with 20 mg by wet weight of 10 
bone tissue. 

Example 2 

A square formed body made of hydroxytapatite and 5 mm long per side but lacking four corners and 
15 having a thickness of 2 mm and 40% porosity or a disc made of alumina ceramics was immersed in 1.2 15 
rri* of mixed solution of collagen and bone-forming factor described in Example 1 and was treated in 
yacuo to penetrate the mixed solution well into the ceramic formed body and then the body was sub- 
jected to freeze-drying and gas sterilization to obtain a biomaterial for transplantation. The biomaterial 
thus obtained was transplanted into the back muscle of a mvuse and, after three weeks, the transplanted 
20 materiaf was taken out to find the growth of a bone tissue on the surface of the second carrier. In this 20 
case, the result obtained when hydroxylapatite was used was substantially the same as that obtained 
from the use of alumina ceramics. 

Example 3 

25 . Gefatin (viscosity :44 mp; jelly strength: 253 Bloom; pH: 5.8; moisture: 11.0%) obtained by subjecting 25 
cow bone in the form of a material to normal lime treatment was dissoJved in refined water to obtain a 
gelatin solution having a concentrationof 50 mg/mf. 

0.2 mf of hydrochloric acid solution of bone-forming factor described in Example 1 was mixed weir 
with 1.0 n\t of the gelatin solution, and was left to stand still in a refrigerator overnight to make the 

30 mixed solution form a gel. The material which gelated was immersed in 100 m* of phosphoric acid 30 
buffer solution (pH 7.2) containing 0.1% glutaric aldehyde at 5°C for 16 hours and was subjected to 
bridge treatment. Next, the material- which gelated was taken out and was washed with refined water and 
thereafter subjected to freeze-drying and gas sterilization to obtain a biomaterial for transplantation. 
The biomaterial was transplanted into the back muscle of a mouse to obtain substantially the same 

35 result as that in Example 1 . 35 

Example 4 

The hydroxylapatite or alumina ceramic formed body, used in Example 2 immersed in 1.2 m€ of mixed 
solution of bone-forming factor and gelatine obtained in the same manner as in Example 3 and treated in 

40 vacuo to penetrate the mixed solution well into the ceramic body, and left to stand still in a refrigerator 40 
overnight to make the gelatin in ceramic body form a gel. The gelling material containing the ceramic 
formed body was treated with a phosphoric acrd buffer solution containing glutaric aldehyde in the same 
manner as in Example 3, washed with water, and was subjected to freeze-drying and gas sterilization to 
obtain a biomaterial for transplanation. The biomaterial thus obtained produced the same result as that 

45 of Example 2. " 45 

As apparent from, the embodiments of the invention described above, it has been demonstrated that in 
the artificial bohe-forming biomaterial of the invention, biological function of the bone-forming factor is 
very low in species specificity. Judging from the embodiments, the invention is very effective in the clini- 
cal sphere of orthopedic Surgery and oral surgery. . 

50 Incidentally, in the Examples 2 and 4, the embodiments in which the second carrier was impregnated 50 
with and carried by the mixed solution of the first carrier and the bone-forming factor were described by 
way of example, but in place of the impregnation and carrying of the mixed solution, the mixture may be 
attached merely to the second carrier. The attachment represents the state of the mixture being fixed to 
the surface portion of the second carrier, while \ he impregnation and carrying represents the state of the 

55 mixture being fixed not only to the surface but also to every corner of the interior of the second carrier, 55 
and accordingly, difference between the two is mere difference in the amount of bone formation. 

Having described my invention as related to the embodiments, it is my intention that the invention be 
not limited by any of the details of description, unless otherwise specified, but rather be construed 
broadly within its spirit and scope as set out in the accompanying claims. 

60 60 
CLAIMS 

1. An artificial bone-forming biomaterial comprising: a mixture of bone-forming factor and a first car- 
rier for said factor, said carrier being selected from collagen and derivatives thereof and denatured sub- 
6$ stances. .65 
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• 2 '« A " ^ i / icial bone-forming biomaterial comprising: a mixture of bone-forminp factor and a fir«t 
r,.r for said factor, said carrier being selected from collagen, derivatives thereoTand ^denatured 8ub 
stances, and a second carrier for said mixture, said carrier being a formed body of ceramic metaMc or 
5 SctS ! carr?er 0US ™ Wh6re,n m ' XtUre " t0 " ^^Jinto IZ carZ ^M 

!o l\ An artific . ial bone-forming biomaterial according to Claim 1 or 2 wherein said bone-formina factor 5 
ZitSZZSS^"" fr ° m ^ ° St — " ■ *™™ bone-forming f^JSSS^ 
in t k A " artific ! al bone-forming biomaterial according to Claim 1 or 2 wherein said mixture of first carrier 

xsjsr faS™ 9 tor consists of mixed soiutfons ° f the respectiv ° ,iqu,ds ° f «i«rsss j^ei 10 

Jh c A .?^ rtifiC i al b , one - formin ? factor according to Claim 4 wherein said first carrier is a hydrochloric 
rone^Slct°or a9en " * "* bon6 - fo ™"* factor is a Hydrochloric acid so.u«on of hTman 
15 6. An artificial bone-forming biomaterial according to Claim 1 wherein said mixture of first carrier and 1* 
%TZ£Sff£££ " 3 freMe - dr, ' ed mixtUre of a mi « ed <* «be respective iiquids of S firll car $ 
7. An artificial bone-forming biomaterial according to Claim J wherein said mixture of first carrier anri 
20 SSftSr 9 ' S ' 9eMed SUbStanCe ° f 8 miX6d ' iqUid ° f reSpeCt,Ve ^^SKrSrTir 

A f n ar i! fi S ial bone - f ? rmIr, 3 biomaterial according to Claim 2 wherein said second carrier is a formed 20 
body of an hydroxylapatite or alumina ceramfc. earner is a rormed 

9. An artificial bone-forming biomaterial according to Claim 8 wherein said seco id carrier is imDreo- 
nated with said mixture of first carrier and bone-forming factor. «mpreg- 

intoa g ^?rt£tl™£Z rmin9 bi0materia ' aCCOrd,n 9 to C,aim 9 wherei " mixture liquid is formed 25 
..w A. m f hod . of " 1ak, "9 an artificial bone-forming biomaterial, said method comprising mixing a lio- 
hl? . ™? *7 ,W f ° r .f bone - formin 9 f a «°' with a liquid of said bone-forming factor, said fi si carrie? 
30 2 9 CO " a9en ' deriVative * there< * and denatured substances derived therefrom 

m - L ,• <l < ° f makm . 9 an art,fic 'al bone-forming biomaterial, said method comprising causino a 30 
MtnrhJrfT ° f 3 firSt Tw- f ° r 3 bone - formi "9 fa <*°' and a .iquid of said bone-form^ flctor to be 
attached to or impregnated into and carried by a second carrier of formed body of any one of ceramics 

35 13. A method of making an artificial bone-forming biomaterial according to Claim 12 wherein said 35 

foTminTfa^or^r; 0 ^' f ^ "** ° f C °" agen ° r a " aqUe ° US SO,uti °" of B-^ -SrtdbSl 

forming factor solution of human bone-forming factor separated and refined from human osteosarcoma 

14. A method of making an artificial bone-forming biomaterial according to Claim 7 2 or 13 wherein 
said second carrier is hydroxylapatite or alumina ceramics. wnerein 

15 A method of making an artificial bone-forming biomaterial according to Claim 1 1 or 13 said 40 
method further comprising the step of freeze-drying a mixed liquid of said first career and bone-forming 

m e t 6 hori A f,TrfhL° d 0f m . akin 9 an artific,al bone-forming biomaterial according to Claim 11 or 13, said 
45 !JJ££o r Compr,s,n9 stB P of formi "9 a 9el of said mixed liquid of first carrier and bone-form- 

m!L, A , n ll th0d ° f ma - '" 9 an artificial bone-forming biomaterial according to Claim 12 or 13 said ** 
method further comprising the step of forming a gel of and then freeze-drying a mixed liquid of first 
carrier Impregnated with and carried by said second support, 
so i-7 18 ' me * hod of making an artificial bone-forming biomaterial according to any one of Claims 15 to 
50 17, said method further comprising the step of sterilization by means of ethylene "oxidi gas 
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